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Summary and Conclusion

The Southwest Connecticut 345 kV Project will require the installation of Extra
High Voltage cables (EHV). The debate is whether to utilize a proven reliable
technology, High Pressure Fluid Filled cables (HPFF), or the devel oping technology,
Cross-Linked Polyethylene cables (XLPE). XLPE cables are an appropriate aternative
due to the lower capacitance, higher current carrying capability, easier installation

techniques, and the reduced environmental exposure as compared to afluid filled cable
system such as HPFF cable.

Based on our examination of the data entered into the Southwest Connecticut 345
kV siting process, information gathered by 1SO-NE in the administration of the Bethel-
Norwak 345 kV Project RFP, review of various white papers on the subject of
underground cable, and consultation with cable experts we believe that either technology
can be installed and operated reliably.

In order to ensure that reliability can be maintained for XL PE cable installations
we would strongly recommend the following:

1. Installation of two cables per phase.

2. Use the same spec and vendor for the cable and the splice.



3. Utilize duct bank installation rather than direct buried in urban aress.

4. At minimum, provide spare conduit in the duct bank for future additions
and/or replacement should there be a single cable failure.

5. To minimize induced voltages in parallel cables or the cable shesth utilize
"cross bonding” techniques.

6. Acceptance testing should include a test with the cable and splice as a
"system."

Background

The technology of Extra High Voltage cables, EHV, isat acrossroads. The
industry is moving away from High Pressure Fluid Filled cables (HPFF), in favor of solid
dielectric cables, i.e. Cross-Linked Polyethylene cables (XLPE). Thisis especialy true
for voltages 400 kV and below. Correspondingly, the number of manufacturers of HPFF
cables has dropped due to mergers, acquisitions and the shift to alternate cable
technologies.

Over the last 10-15 years, XL PE cables have advanced to the point where the
cable can be manufactured without voids or impurities, which previoudy had lead to
premature cable failures due to high electrical stresses within the cable. In addition, the
splicing and cable terminations have also seen advances. Although there are few XLPE
cable systems above 300 kV, cable experts are cautiously optimistic that with proper
engineering and installation methods a reliable EHV XLPE cable system can be

implemented.

Cable Types Considered for the Bethel-Norwalk Project

Two types of Extra High Voltage Cables (EHV) cables were evauated for usein
the Southwest Connecticut 345 kV Bethel-Norwalk (Phase I) transmission project, High
Pressure Fluid Filled (HPFF), Cables and Cross- Linked Polyethylene (XL PE), Cables.



Three-Phase High Pressure Fluid Filled, (HPFF)  Single Phase Cross-Linked Polyethylene,
(XLPE)

High Pressure Fluid Filled Cables

Historically, the predominant EHV cable technology installed in North America
has been the HPFF cables. The fluid in the cables initially was a blend of mineral oils,
and therefore the cables were referred to as oil filled (OF). Today synthetic fluids are
used and the cables are more commonly referred to as fluid filled (FF) cables. HPFF
cablesin the 200 kV to 275 kV range have been around since late 1950's. These cables

used a paper tape insulation protected by a spiral skid wire insulated with a hydrocarbon
insulating fluid, all three phases housed inside a steel pipe of adequate size. The coated
stedl pipes areinstalled at site first, tested and cables pulled inside the pipe system
normally with al three phasesin trefoil formation. The pipes are protected against
corrosion by providing cathodic protection. Higher operating capability (temperature) is
achieved by re-circulation or forced cooling of the fluid in the pipe by adding a return
fluid pipe in parallel to the conductor pipes with oil circulation system and cooling
system. These systems are provided at the terminals or intermittently along the routes.
In the late 1980’ s alternatives to paper insulation was introduced, polypropylene
paper laminate (PPL). PPL isalaminate comprising a thin layer of polypropylene tape
sandwiched between two layers of paper tape and can be applied using existing
manufacturing methods. The advantage of PPL insulation is that it can operate at higher
temperatures than the traditional paper insulated cable, i.e. greater current carrying



capability. Since the mid-1980's EHV HPFF cables have been considered highly reliable
following 20-30 years of refining the manufacturing and installation methods.

The fluid in the HPFF cable system is an integral part of the cable electrical
insulation. The system must be maintained under pressure, approximately 250#, to
ensure that the oil impregnates the paper insulation. One of the concerns raised about the
use of HPFF cables is the release of the insulating fluid to the environment. Most of the
time this is caused by a breach of the pipe from athird party dig-up. Sincethe cableis
under pressure a significant amount of fluid can be released before the leak can be
isolated.

Cross-Linked Polyethylene Cable

The cable technology has advance through the years withthe development of the
XLPE cable. XLPE isan extruded dielectric cable that was first commercially introduced
in the early 1960's. Throughout the 1970's and 1980’ s, Europe and Japan continued to
develop and install XLPE technology for use at voltages above 138 kV. By the late
1970's, both Europe and Japan had installed XL PE cable (w/o splices) for 230 kV and
275 kV respectively. By the late 1980’ s both Europe and Japan had cable systems
(w/splices) installed for 245 kV and 275 kV.

There are many XLPE cable installations world wide, but they have relatively
limited in-service experience at these voltage levels and for lengths over 1000 meters.
However, XLPE cable offers faster and easier installation compared to other cable types
aswell as less downtime for repair and maintenance.

The materials used and the methods of manufacturing XL PE cables along with the
design, manufacturing methods and materials used for the splices and cable terminations
differ significantly amongst manufacturers. The reliability of the XLPE systems installed
to date has only been achieved as a result of intensive involvement of the utility at all
stages of the project; design, manufacturing, testing, installation, commissioning and in-
service monitoring.

XLPE cable systems can be directly buried or installed in a duct bank. Direct
buried, these cable systems have a 10 — 15% greater ampacity than the same cable system
installed in a duct bank, as there is no dead air space to impede heat transfer. HPFF



cables are typically rated for continuous operation at a conductor temperature of 85°C.

Whereas, XLPE cables are typically rated for continuous operation at a conductor

temperature of 90°C.

The method of manufacturing XLPE doesn’t allow inspection during the

extrusion process. Whereas, HPFF cables are wrapped with PPL tape which can be

observed/inspected during the manufacturing process, the XLPE cables extrusion and

cross linking processes take place in a fully encased processing plant in which the cable

is not visible but continuously monitored for quality control. The black core screen of the

emerging cable similarly prevents visual examination. The integrity of the cable

dielectric is also checked automatically during the manufacturing process. Specialy the
cross linking of the PV C sheath which is done by a radiation method which highly

improves the cable dielectric qualities.

The splicing of any cable system, particularly XLPE cables, tends to be the most

unreliable components of the entire system. Since EHV XLPE cables are relatively new,

the splicing designs are only standardized between various manufacturers. Cable experts
are cautiously optimistic about the reliability of EHV XLPE cable systems. They believe

that XL PE cables can be manufactured reliably and that, particularly with proper

engineering in design of the splices, longer lengths of EHV XLPE cable systems can be

installed and operated reliably.

Comparison of HPFF vs. XL PE
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Reliability

Consideration of fault rates of both XL PE and HPFF cable is necessary to assess

projected reliability. 1SO-NE reviewed testimony and white papers provided to the

Connecticut Siting Council (CSC), as well as consulted with various cable experts on the
reliability of both HPFF and XL PE cable technologies. Evaluation considered the cable
manufacturing processes splice technology, quality control processes and testing, as well

as installation methods.

Information in Docket 272 showed fault rates for three-phase 345-kV cable,

expressed as number of events per year, per 100 miles of single phase cables as follows:

Cable Type Actual (per 100 miles of cable per year)
HPFF in steel pipe 0.5
XLPE in Duct - Optimistic 0.64
XLPE in Duct - Redlistic 2.02
XLPE in Duct - Pessmistic 9.93

While HPFF may be dlightly more reliable than XLPE, both cable types can be

operated reliably.
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